SUMMARY Acute corneal ulceration in malnourished children is the commonest cause of childhood blindness in Northern Nigeria and usually develops after measles. Other severe diseases in malnourished children rarely precipitate corneal ulceration. A survey in a school for blind children showed that 69 % of the children were blind from corneal disease, and a survey of children with corneal scars showed that at least 42 % were caused by ulceration after measles. The clinical appearance of the active ulcers was very varied. The serum retinol-binding protein and prealbumin levels in children with corneal ulcers following measles were below normal, but a group of malnourished children without eye complaints following measles were found to have even lower levels. Thus a specific deficiency of vitamin A does not appear to be the primary cause of these ulcers, though it may be a contributory one. A specific measles keratitis and secondary herpes simplex infections may be local factors contributing to this ulceration, and there is nearly always a background of protein calorie malnutrition. Racial factors may also be of some significance.
Severe corneal ulceration following measles is a common condition throughout sub-Saharan Africa. In all reported surveys of child blindness it is a very significant cause and often it is overwhelmingly the most important cause. Phillips (1961) in Zambia estimated that 81% of blindness was caused by measles, and Awdrey et al. (1967) , also from Zambia, surveying an area where corneal blindness was common, found that 80% of the total blindness was due to corneal lesions and half of these were caused by measles. In Malawi Chirambo and Ben Ezra (1976) considered that measles was the cause of 44% of child blindness. Sauter (1976) , in Kenya, found that 47% of child blindness was due to xerophthalmia and two-thirds of these cases were precipitated by measles. Quere (1964) , from Senegal, found corneal scarring after measles to be the commonest cause of childhood blindness. In a hospital survey from Southern Nigeria Olurin (1970) found that only 14Y/ of child blindness was caused by measles, and yet examination of the children in a blind school in Southern Nigeria showed that 33% of the inmates and 79% of the new admissions were blind from measles (Animashaun, 1977) .
It is usually considered that this acute corneal ulceration is essentially a manifestation of vitamin A deficiency, so that a child with borderline vitamin A deficiency after contracting measles develops acute keratomalacia (Voorhoeve, 1966; Cobb and Awdrey, 1968; Oomen, 1971; Franken, 1974; Sauter, 1976 active comeal ulceration is shown in Table 3 .
CLINICAL APPEARANCE OF ULCERS
The morphology of the active ulcers was very varied, often differed in the 2 eyes, and changed as the disease progressed. In only a few patients was it possible to observe the disease throughout its course, and in most cases severe ulceration had developed when the patient was first seen. (The changes recorded are those when first seen.) The ulcers were classified according to their appearance as follows: Superficial punctate keratitis. This was seen in the early acute stage of measles. It was always bilateral and often associated with diminished tear production. Although this might progress directly to frank ulceration, there was sometimes a delay of a few weeks before the onset of ulceration.
Superficial ulcers. These were very irregular in distribution and varied in appearance from being very localised or dendritic, through more widespread involvement or 'geographical', to very extensive involvement or 'amoeboid'.
Deep stromal ulcers. These were mostly central or below the centre, but a few were very irregular in distribution. Seventeen out of 42 of these ulcers showed evidence of perforation.
Total corneal necrosis. This was obviously the most severe type of ulceration in which the entire comeal stroma had disappeared leaving the iris covered with a mixture of mucus, fibrin, and pus.
Exposure keratitis. In some cases the ulcer was localised to the lower cornea and had a clearly defined horizontal upper border, as is typical of exposure keratitis.
The incidence of the different types of ulcer and whether they were unilateral or bilateral is shown in Table 4 . Several children had ulcers on other parts of the body. Sixteen had mouth ulcers, 1 of whom also had an ulcer of the thumb that she sucked; 1 had cancrum oris, 1 had an eyelid ulcer, and 1 had vulval ulcers.
Immunofluorescent staining or viral culture on eye scrapings from 34 of these children with active Fig. 1 Serum prealbumin levels in children with acute ulcers, malnourished children, and well nourished children. The mean for each group is also shown corneal ulcers after measles detected herpes virus in 16 and measles virus in 4 (see Whittle et al. (1978) for full details. This was part of a different study on some of the same group of patients).
NUTRITIONAL STUDIES
The weight for age of the 22 children in whom this was measured is shown in Table 5 . The serum prealbumin levels in these children and in the 12 well nourished and 12 malnourished children after measles but with normal eyes are shown in Fig. 1 . There was no significant difference between serum prealbumin levels in those with eye ulcers and the malnourished children without eye ulcers. They averaged 48-3 ±SD 27'5 ,ug/ml and 45-1 ±SD 14-5 jig/ml respectively.
The serum retinol-binding protein levels for (Igenbleek et al., 1975) . er workers Moreover, acute measles can produce a proteiniat corneal losing enteropathy, thus lowering even further the i blindness levels of retinol-binding and serum protein (Dossetor ) f corneal and Whittle, 1975 the more malnourished children. Thus all the 5 children with bilateral total corneal necrosis were clinically malnourished and 3 of them were marasmic. By contrast there were 10 children with active ulcers who were considered to be well cared for and well fed, and who all had a weight for age over 80%, and 8 of these 10 had only unilateral ulceration.
Measles itself appears to be a significant factor, as shown by the marked superficial punctate keratoconjunctivitis and diminished tear production in the early stages of the disease. This was first observed by Trantas (1907) and has recently been noted in detail in malnourished children in Kenya (Dekkers, 1978) .
Measles and malnutrition are known to produce depression of the cellular immunity, thus predisposing to secondary herpes infections. The morphology of many of the ulcers was typical of herpes in an immunosuppressed patient, and this has been confirmed by culture and immunofluorescence studies (Whittle et al., 1978) . It is possible also that measles has a local effect in specifically triggering herpes infections of the eye and mouth. By contrast, in a survey of 500 cases of meningococcal meningitis under the age of 5, 15% developed herpetic vesicles of the face but none were in the eye, and they all recovered quickly (Whittle, unpublished 
